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CHAPTER  I 


PROBLEM  DEFINITION 
I nt  roduct ion 

Since  the  advent  of  jet  aircraft,  the  problem  of  bird/ 
aircraft  strikes  has  become  more  and  more  of  a  concern  to  the 
Air  Force  as  well  as  others  who  use  aircraft  (6:xiii).  With 
more  traffic,  faster  aircraft,  and  engines  that  are  more 
susceptible  to  damage  from  b i r J/ a  i  rc ra f t  strikes,  the  idea  of 
how  to  reduce  this  hazard  to  flying  has  received  a  great  deal 
of  attention.  Much  money  is  spent  repairing  damage  to  air¬ 
craft  as  well  as  trying  to  reduce  the  hazard.  Possible  loss 
of  life  or  other  less  severe  physiological  incidents  are  also 
concerns.  The  Vir  Force,  the  Federal  Aviation  Agency,  and 
many  foreign  governments  and  agencies  are  all  trying  to  reduce 
this  safety  hazard  (58:  45).  The  problem  is  common  and  the 
ways  to  reduce  the  hazard  are  varied.  The  object  of  this  re¬ 
search  is  to  look  at  a  few  very  specific  areas  of  this  problem 
and  perhaps  show  how  this  and  other  research  fit  together  to 
try  to  reduce  this  loss  of  resources  ar.d  life. 

Problem  Statement 

A  standard  method  of  objectively  assessing  the  effec¬ 
tiveness  of  bird/aircraft  strike  hazard  reduction  methods  of 


an  air  base  does  not  exist.  Different  subjective  analyses 
have  been  applied  to  individual  facilities  to  determine  the 
potential  for  bi rd/ai rcraf t  strike  problems  and  those  factors 
that  relate  to  that  potential.  The  development  of  a  standard 
methodology  which  will  objectively  relate  a  base's  bird/ 
aircraft  strike  hazard  potential  with  its  environment  would 
be  a  major  contribution  to  Air  Force  managers. 

Justification 

Birds  have  long  been  recognized  as  a  potential  hazard 
to  aircraft.  During  the  early  days  of  aviation  when 
airplane  speeds  were  relatively  slow,  damage  from  bird 
strikes  usually  was  minor  and  largely  confined  to  broken 
windshields  and  occasional  damage  to  the  fuselage.  How¬ 
ever,  since  World  War  II  and  the  introduction  of  jet 
aircraft  the  problem  has  become  more  serious.  In  addi¬ 
tion  to  the  greater  damage  resulting  from  impact  with 
birds  at  high  speeds,  the  ingestion  of  birds  in  jet 
and  prop- jet  engines  has  become  a  hazard  [41]. 

The  above  quotation  relates  that  the  problem  of  bird/ 
aircraft  strikes  increases  with  the  increasing  use  of  jet 
aircraft.  The  reliance  of  the  Air  Force  on  jet  aircraft  and 
the  amount  of  flying  done  make  the  bird/aircraft  strikes  a 
concern  of  decision  makers  at  many  levels  in  the  organization. 
Pilots  are  concerned  about  methods  that  can  be  employed  to 
avoid  a  bird  strike.  Aero- eng incers  try  to  design  aircraft 
or  modify  existing  aircraft  to  reduce  the  damage  of  a  bird/ 
aircraft  strike  should  it  occur.  Civil  Engineers  try  to 
modify  the  base  environment  to  make  it  less  attractive  to 
birds,  subjectively  thinking  that  with  less  birds,  there  will 
be  less  h i rd/ a  ire raf t  strikes.  Managers  in  the  Air  Force 


should  be  able  to  make  decisions  among  alternatives  which 
affect  the  bird/aircraft  strike  hazard  (BASH)  potential. 
Changes  to  the  environment,  the  design  of  the  aircraft,  flight 
scheduling,  operating  procedures,  and  the  total  mission  bring 
about  a  corresponding  change  in  bird/aircraft  strike  possi¬ 
bility.  The  Air  Force  manager  should  be  able  to  take  the 
results  of  ail  these  studies  of  changes  and  assess  the  value 
of  alternative  ways  of  reducing  bird  strikes.  These  methods 
of  reducing  bird  strikes  cost  various  amounts  and  have  vary¬ 
ing  degrees  of  impact  on  reducing  the  possibility  of  a  bird/ 
aircraft  strike.  If  a  methodology  can  be  developed  to  relate 
these  different  methods  of  hazard  reduction,  it  would  be  a 
tool  to  help  managers  decide  among  alternatives  in  an  objec¬ 
tive  way. 

There  seem  to  be  three  general  approaches  to  the 

bird/aircraft  strike  problem.  The  first  is  to  try  to  reduce 

the  numbers  cf  birds  in  the  airspace. 

The  US  Air  Force  annually  spends  millions  of  dollars  for 
the  replacement  or  repair  of  aircraft  components  damaged 
by  bird/aircraft  collisions.  A  large  percentage  of 
these  strikes  occur  on  or  in  the  vicinity  of  the  air¬ 
field.  In  order  to  effectively  ’■educe  the  strike  hazard 
at  the  airfield,  those  features  which  serve  to  attract 
birds  to  the  field  must  be  identified  and  altered.  The 
ecological  survey  is  undertaken  to  identify  the  attrac- 
tants  ( 40  :  i  i  i  ]  . 

The  second  approach  is  to  try  to  avoid  the  airspace  when  the 
potential  for  a  bird/aircraft  strike  is  high.  Vn  example  of 
this  would  be:  "Local  night  sorties  and  multiple  approaches 
should  be  reduced  during  peak  migration  periods  [12:vi]."  jn 
other  words,  local  operating  procedures  can  be  used  to  avoid 
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the  BASH  potential.  The  third  approach  comes  from  those 
trying  to  reduce  the  damage  done  to  the  aircraft  once  a 
strike  occurs. 

Though  the  removal  of  birds  from  the  path  of  aircraft 
during  takeoff  and  landing  is  being  studied,  it  is  not 
expected  to  be  able  to  eliminate  strikes  entirely,  and 
the  most  practical  solution  will  be  to  protect  the  air¬ 
craft  itself  from  the  type  of  damage  that  would  cause 
an  accident.  This  may  be  done  hv  strengthening  the 
airframe  and  designing  engines  which  ingest  the  birds 
without  serious  loss  of  power  [42:1]  . 

Clearly  there  is  a  great  deal  of  merit  to  each  view  of  the 

subject.  The  problem  addressed  here  will  be  to  find  out  the 

degree  to  which  only  the  first  two  approaches  reduce  the  BASH 

problems  and  how  these  methods  combine  or  compliment  one 

another . 

The  C n i c  f  of  the  Air  Force's  BASH  Team*  at  Tvndall  \ir 
Force  Base,  Florida  (38)  has  had  several  individuals  at  various 
conferences  or.  this  subject  ask  him  if  he  knows  of  anv  way  to 
evaluate  the  actual  effectiveness  of  BASH  reduction  methods. 
They  wonder  if  it  is  possible  to  determine  if  BASH  reduction 
plans  are  effective  or  if  thev  are  just  "cosmetic"  changes 
which  intuitively  lead  us  to  believe  we  are  actually  reducing 
the  hazard.  In  discussing  this  thesis  with  the  BASH  Team 
Chief,  he  felt  that  this  type  of  analvsis  might  open  the  way 
to  evaluate  the  overall  effectiveness  of  combinations  of  BASH 
reduction  programs. 


The  term  BASH  will  be  used  to  mean  the  concept  of  a 
bird/aircraft  strike  hazard.  The  term  BASH  team  will  refer¬ 
ence  this  group  from  Tyndall  AFB. 
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Conceptual  Framework 


Each  section  of  airspace  that  is  used  by  an  aircraft 
has  a  certain  potential  for  posing  a  b i rd/a i rcraf t  strike 
problem.  This  "BASH  potential,"  inherent  in  that  airspace, 
changes  from  tine  to  time  and  is  different  for  all  partitions 
of  the  total  airspace.  As  an  airplane  flies  through  this 
airspace,  it  combines  with  that  inherent  potential  and  brings 
about  a  certain  probab i 1 ity  of  a  bird/aircraft  strike.  The 
bird/aircraft  strike  hazard  is  the  concept  that  is  used  to 
describe  this  unsafe  condition.  The  BASH  is  different  for 
all  airspaces,  for  all  airplanes,  and  it  is  also  different 
for  any  combinations  of  these.  For  example,  a  C-141  landing 
at  Wright  -  Patterson  Air  Force  Base  at  1800  hours  on  25  January 
19~9  will  have  a  certain  possibility  of  encountering  a  bird. 
This  possibility  depends  on  the  airplane  and  its  maneuver. 

It  also  depends  on  the  potential  for  a  strike  that  exists  in 
that  airspace  at  that  time.  The  amount  of  damage  done  depends 
on  the  type  of  bird,  where  it  hits  the  plane,  the  speed  of 
impact,  etc.  It  is  the  combination  of  all  these  factors  that 
decide  the  resulting  damage  that  occurs.  If  all  these  factors 
are  accummui ated ,  the  result  can  be  designated  as  a  probable 
danger  or  not.  This  relative  evaluation  is  subjective  in 
nature  and  is  inherent  in  any  analysis  in  the  field  of  safety. 
Comparisons  can,  however,  be  carried  out  when  more  than  one 
alternative  method  of  reducing  a  hazard  exists.  It  is  this 
attempt  to  reduce  the  hazard  by  various  methods  or  by  a 
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combination  of  methods  that  is  of  concern  to  the  groups  and 
agencies  studying  this  problem.  They  are  trying  to  reduce 
the  BASH  by  either  reducing  the  BASH  potential,  avoiding  the 
airspace  where  or  when  that  airspace  has  a  high  BASH  potential, 
or  changing  the  design  of  the  aircraft  to  reduce  the  damage 
that  results  from  a  bird/aircraft  strike. 

The  Air  Force  would  like  to  minimize  the  total  damage 
done  to  aircraft  as  a  result  of  bird/aircraft  strikes  (40). 

The  cost  of  damage  is  a  result  of  how  many  strikes  occur  and 
their  respective  damages  to  aircraft.  The  only  way  to  reduce 
the  total  damage  to  :cro  would  be  to  either  not  fly  at  all  or 
to  eliminate  all  the  birds.  This,  of  course,  is  not  the 
answer.  The  object  then  is  to  minimize  the  damage  done  while 
maintaining  the  mission  and  affecting  the  birds'  environment 
as  little  as  is  necessarv.  There  is  believed  to  be  a  rela¬ 
tionship  between  the  damage  cost  and  the  changes  that  can  be 
made  to  either  the  mission,  the  environment,  or  the  airplane 
(38).  3ASH  reduction  methods  could  be  evaluated  in  almost  a 
benefit-cost  ratio  analysis.  For  example,  if  the  total  cost 
of  the  BASH  reduction  method  is  less  than  the  damage  savings 
that  result,  then  that  BASH  reduction  method  is  probably 
worthwh i le . 


Scope 

The  first  item  that  limited  this  research  relates  to 
the  airspace  idea  just  discussed.  The  total  airspace  can  be 
thought  of  as  consisting  of  two  general  categories.  The  first 
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is  that  area  near  an  airbase,  the  airdrome.  The  second  cate¬ 
gory  would  be  all  that  area  used  otherwise  while  enroute  from 
one  airbase  to  another.  The  basic  ideas  discussed  in  the 
previous  section  hold  in  both  categories  of  airspace.  The 
potential  for  BASH  is  generally  higher  in  the  area  near  the 
airbase.  According  to  the  literature,  the  most  hazardous 
flying  condition  is  when  an  aircraft  is  close  to  the  ground. 
Since  birds  rarely  fly  at  high  altitudes,  the  BASH  potential 
increases  as  the  aircraft  approaches  the  ground. 

Almost  35  per  cent  of  all  bird  strikes  occur  during  the 
low  altitude  portions  of  flying.  Over  50  per  cent  occur 
during  the  takeoff,  landing,  initial  climb,  approach, 
or  transitional  phases  within  close  proximity  of  the 
airfield  [28:22]. 

Environmental  manipulation  and  changes  in  local  operating 
procedures  are  two  ways  to  reduce  the  BASH  and  will  have  its 
most  affect  in  the  airspace  near  the  base.  For  these  reasons, 
the  scope  of  this  research  concerns  itself  onlv  with  that 
airspace  near  the  airbase.  This  thesis  defines  near  the 
airbase  as  a  five-mile  radius  from  the  airbase,  which  is  the 
legal  control  zone  area. 

The  second  item  that  limited  this  research  related  to 
the  three  general  approaches  to  the  reduction  of  the  bird/ 
aircraft  strike  problems  that  were  discussed  in  the  justifi¬ 
cation  section.  The  third  approach,  which  deals  with  trying 
to  reduce  the  damage  to  aircraft  once  a  strike  occurs,  was  not 
in  the  scope  of  this  research.  Attempts  to  reduce  damage  to 
aircraft  include  such  things  as  design  changes  to  engines  or 
the  bird-proofing  of  canopies  and  are  usually  not  under  the 


control  of  base  level  managers.  The  design  projects  are 
important,  but  since  they  do  not  affect  the  BASH  potential  of 
a  base  or  the  probability  of  a  bird/aircraft  strike,  they 
were  beyond  the  scope  of  this  research.  Damage  cost  was 
explored,  however,  since  it  relates  to  the  cost  of  reducing 
the  hazard.  The  design  projects  which  attempt  to  reduce  that 
damage  cost  once  a  strike  occurs  were  not  considered. 

In  summary,  only  those  items  that  affect  the  BASH 
potential  of  3n  airbase  and  those  local  procedures  that  affect 
how  the  pilots  avoid  the  possibility  of  a  bird/aircraft  strike 
were  included  in  the  scope  of  this  research. 
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CHAPTER  II 


BACKGROUND 

Literature  Review 

A  preliminary  literature  review  uncovered  many  bird/ 
aircraft  strike  hazard  studies  performed  since  the  advent  of 
the  jet  aircraft  in  the  late  1940's.  Most  of  the  information 
relevant  to  the  proposed  research,  however,  was  developed  in 
the  last  15  years.  The  information  ranged  from  bird  migra¬ 
tion  surveys  to  very  detailed  ecological  surveys  of  airfields. 

The  Federal  Aviation  Agency  (45)  and  the  Air  Force  (19) 
both  conducted  extensive  research  studies  in  the  mid  1960's. 
Data  were  collected  on  bird  migration,  aircraft  damage, 
species  of  birds  encountered,  phase  of  operations,  location, 
and  many  other  pertinent  factors.  From  these  data,  the  capa¬ 
bility  to  predict  the  most  dangerous  flying  situations  was 
developed.  In  addition,  certain  geographical  areas  such  as 
coastal  regions,  large  rivers,  and  marshy  areas  were  found  to 
be  more  hazardous  than  others.  Methods  were  also  recommended 
to  reduce  or  eliminate  bird/aircraft  strikes  while  enroute  or 
in  the  vicinity  of  airfields.  Similar  studies  continued 
through  the  1970's  by  both  organizations. 

Testing  began  in  the  late  1960's  and  has  continued  to 
the  present  to  help  design  "bird-proof"  aircraft.  By 


simulating  bird  strikes,  useful  information  was  obtained  that 
has  helped  in  the  redesign  of  canopies  and  other  bird  vulner¬ 
able  portions  of  an  aircraft  (34:24-25). 

In  recent  years  the  Air  Force  established  the  Bird/ 
Aircraft  Strike  Hazard  Team  3t  the  Air  Force  Civil  Engineering 
Center,  Tyndall  Air  Force  Base,  Florida.  This  BASH  team  per¬ 
forms  ecological  surveys  at  seven  to  ten  bases  a  year. 

The  purpose  of  the  ecological  survey  in  the  airdrome 
and  the  vicinity  is  to  determine  how  the  life  forms  and 
environment  influence  the  bird-aircraft  strike  hazard; 
specifically,  what  features  of  the  airfield  influence 
the  activity  of  the  birds  in  the  area  [40:1], 

Birds  invade  an  airdrome  to  feed,  drink,  nest,  roost,  or  loaf. 
When  their  flight  paths  between  feeding,  watering,  and  shel¬ 
tering  areas  cross  critical  airspace,  such  as  aircraft  takeoff 
and  landing  paths,  then  a  BASH  is  present.  The  BASH  team 
studies  the  topography,  bird  species  and  habits,  and  the 
routine  flightpaths  in  the  airdrome  and  vicinity.  The  team 
then  identifies  the  problem  birds,  the  areas  or  factors  that 
serve  as  bird  attractants,  and  the  position  on  the  field  that 
the  bird  hazard  is  the  highest.  As  a  result  of  these  surveys, 
recommendations  of  changes  or  elimination  of  the  local  bird 
attractants  are  made.  The  individual  units  are  also  given 
recommended  modifications  to  their  local  operational  proce¬ 
dures.  For  example,  the  BASH  team  recommended  that  the  low- 
areas  on  the  airfield  at  Dover  Air  Force  Base  be  filled  and 
planted  to  reduce  water  collection  and  bird  attraction  (12: 
vi).  At  Malmstrom  Air  Force  Base  (14:iv),  the  team  recommended 
that  departing  aircraft  execute  maximum  climbs  to  above 
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3000  feet  above  ground  level  to  allow  minimum  exposure  to  the 
majority  of  local  birds. 


From  the  literature  review,  it  was  discovered  that  the 
environmental  factors  believed  to  affect  the  BASH  potential 
can  be  placed  into  eight  categories:” 

3  Natural  water  bodies 

2.  Artificial  water  bodies 

3.  Natural  food  sources 

4.  Artificial  food  sources 

5.  Sheltering/nesting  areas 

6.  Migratory  route 

7.  Precipitation 

8.  Temperature 

These  categories  and  their  factors  will  be  discussed  in  the 
next  chapter. 

Each  base  will  have  factors  present  from  some  or  all  of 
these  categories.  The  BASH  potential  of  each  base  is  then 
some  function  of  the  factors  present.  In  the  past  studies  it 
appeared  that  reduction  or  elimination  of  factors  within  the 
environmental  categories  helped  reduce  the  BASH  potential. 

As  mentioned  earlier,  the  job  of  the  BASH  team  is  to  make 
recommendations  to  help  reduce  or  avoid  this  potential.  The 
recommendations  found  throughout  the  literature  review  are 
similar,  although  not  as  thorough  in  content,  as  those  in  the 


Categories  were  determined  from  accumulation  of  infor¬ 
mation  from  cited  reference  numbers  ",  9-16,  20-26,  31,  32, 

4  3  -  SO  . 
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BASH  team  studies. 


The  most  common  methods  of  reducing  the  BASH  potential 
are  changing  or  eliminating  the  factors  in  the  first  five 
categories  previously  listed.  Migratory  routes,  precipitation, 
and  temperature  are  obviously  considered  unchangeable.  In 
addition,  the  development  of  bird-scaring  techniques  or  actual 
bird  elimination  actions  are  also  used  to  reduce  the  BASH 
potential.  Elimination  of  birds  is  usually  frowned  upon  by 
groups  concerned  with  environmental  protection  and,  therefore, 
is  rarely  used. 

Since  aircraft  must  fly  to  accomplish  the  mission, 
operating  procedures  are  formulated  that  attempt  to  avoid  the 
BASH  potential  that  is  present.  As  mentioned  earlier,  speci¬ 
fic  recommendations  for  changes  in  a  particular  base's  flying 
procedures  are  stated  in  all  BASH  team  studies.  Most  other 
literature  also  dealt  with  general  recommendations  for  all 
aircraft.  Certain  general  methods  are  used  to  avoid  the  3ASH 
potential.  The  most  common  methods  are  as  follows  (see  foot¬ 
note  2)  : 

1.  Changes  in  flying  procedures 

2.  Altered  airdrome  traffic  patterns 

3.  General  pilot  education  programs 

4.  Reduction  of  flying  activities  during  certain  times 

5.  Establishment  of  Bird  Watch  procedures 
Further  discussion  of  how  these  different  methods  apply  to 
this  research  can  be  found  in  Chapter  III. 

The  Air  Force  Inspection  and  Safetv  Center  (AFISC)  at 


Norton  Air  Force  Base  maintains  computer  files  with  pertinent 
information  of  Air  Force  bird/aircraft  strikes.  Prior  to 
January  19’8,  Air  Force  Regulation  12’-15  (44)  required  that 
all  bird/aircraft  strikes  resulting  in  damage  greater  than 
$300  be  reported  to  the  AFISC  to  be  maintain  1  in  the  computer 
files.  Starting  in  January  19~8  this  regulation  was  changed, 
requiring  that  all  b i rd/ a i rc ra f t  strikes,  no  matter  what  the 
cost,  be  reported  to  AFISC.  Information  on  all  the  reported 
b l r d/a l rc ra f t  strikes  for  the  years  1 9 ~ 4  through  19"8  was 
obtained  (1;  2).  For  each  bird/aircraft  strike,  it  contains 
a  short  description  of  what  happened,  the  type  of  aircraft 
involved,  the  damage  done,  the  flying  maneuver,  and  other  per¬ 
tinent  facts. 

The  Air  Traffic  Service  of  the  Air  Force  Communication 
Service  at  Scott  Air  Force  Base  maintains  computer  files  for 
all  the  present  and  past  numbers  of  flying  activities 
(approaches,  takeoffs,  landings,  touch  and  goes,  and  so  on) 
for  each  \ir  Force  base.  The  numbers  of  activities  for  the 
years  19~4  through  19"8  were  obtained  (5).  H'ith  this  informa¬ 
tion  and  the  information  obtained  from  Norton  Air  Force  Base, 
a  base's  probability  of  a  b i rd/a i rc ra f t  strike  or  strike  rate 
was  computed.  This  will  be  discussed  further  in  Chapter  III. 

The  literature  review  revealed  that  the  bird  studies 
in  the  last  15  years  appear  to  be  subjective  in  nature.  A 
large  amount  of  data  have  been  collected  from  actual  bird/ 
aircraft  strikes,  ecological  studies,  migration  studies  and 
so  on.  However,  little  research,  if  any,  has  been  performed 
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to  develop  a  methodology  for  relating  a  base's  BASH  with  its 
mission  and  environment.  "Presently  no  established  criteria 
exists  for  gauging  whether  an  individual  facility  has  a  bird/ 
aircraft  collision  problem  or  not  [12:1].“  This  was  verified 
in  a  telephone  conversation  with  the  BASH  Team  Chief  (38). 

Ob i ect  1  ves 

1.  Determine  the  environmental  factors  which  influence 
the  potential  for  a  b i rd/a i rcra f t  strike. 

2.  Determine  the  effect  that  the  changing  of  environ¬ 
mental  factors  and  local  operating  procedures  have  on  the 
possibility-  of  a  bird/aircraft  strike. 

3.  Develop  a  methodology  which  will  relate  any  base's 
bird/aircraft  strike  hazard  with  its  mission  and  environment. 

4 .  Apply  the  methodology  to  show  how  it  can  aid  the 
manager  in  decisions  related  to  aircraft  operations  or  environ 
mental  manipulation. 


Research  Questions 

What  environmental  factors  can  be  identified  which 
influence  the  potential  for  a  bird/aircraft  strike? 

How  is  the  possibility  of  a  bird/aircraft  strike  affected 
by  changing  certain  envi ronment  a  1  factors  and  local  operating 
procedures  ? 

What  methodology  can  be  developed  that  uses  the  identi¬ 
fied  mission  and  environmental  factors  as  a  management 
decision-making  tool? 
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CHAPTER  III 


METHODOLOGY 

f  n  t  ro due t  ion 

The  categories  of  observations  (Natural  Water  Bodies, 
Migratory  Routes,  etc.'  and  BASH  potential  reduction  methods 
discussed  in  the  previous  chapter  are  the  variables  defined 
in  this  chapter.  Items  such  as  natural  food  sources  and 
artificial  water  bodies  are  variables  that  combine  together 
to  define  the  BASH  potential  of  an  airbase.  With  the  exclu¬ 
sion  of  the  precipitation,  temperature,  and  migratory  route, 
and  the  inclusion  of  scare  techniques  and  the  elimination  of 
birds,  the  list  becomes  the  variables  that  can  be  changed  to 
reduce  the  BASH  potential  of  an  airbase.  The  other  variables 
arc  the  methods  employed  to  avoid  the  BASH  potential  such  as 
establishing  a  "bird  watch."  All  of  the  variables  combine 
together  to  define  a  possibility  of  a  bird  strike  or  a  bird 
strike  rate.  This  relationship  and  the  methodology  of  how  to 
come  up  with  this  relationship  is  the  subject  of  the  rest  of 
this  chapter.  The  data  collection  methods  and  the  variables 
arc  conceptually  defined  first.  Thev  are  then  ope ra t i ona 1 1 y 
defined  with  the  measurement  scale  for  each  of  the  variables. 

Each  of  the  variables  listed  exist  in  nature  as  con¬ 
tinuous  variables.  As  they  are  operationally  defined  for 


measurement,  the  factors  that  combine  to  form  the  variables 
are  on  nominal  or  ordinal  scales.  The  nominal  scale  is  the 
lowest  and  least  powerful  of  the  scale  types  and  refers  to 
partitioning  data  into  subsets  or  categories  with  no  indica¬ 
tion  of  order  or  magnitude.  An  example  is  the  variable 
migratory  route,  which  classifies  a  base  into  a  yes  or  no 
categorv.  The  ordinal  scale  is  the  next  highest  type  of  scale 
that  has  the  unique  characteristics  of  a  nominal  scale  but  also 
indicates  order.  Using  this  scale  implies  a  statement  of 
"greater  than"  or  "less  than"  without  any  knowledge  of  how  much 
greater  or  less.  Indicating  that  one  factor  of  a  variable  has 
a  greater  significance  as  a  bird  attractant  than  another  factor 
of  the  same  variable  is  an  example  of  an  ordinal  scale.  The 
combining  of  the  factors  used  to  measure  each  variable  provided 
for  the  variables  to  be  classified  with  an  ordinal  scale. 

War  1  ab  1  es 

The  literature  review  identified  eleven  categories  of 
factors  that  can  contribute  toward  the  bird/ aircraft  strike 
potential  of  an  airdrome.  These  categories  are  the  independent 
variables  for  the  research.  The  dependent  variable  is  strike 
rates  of  each  airdrome.  The  following  section  identifies  and 
conceptually  defines  the  independent  variables  followed  by  the 
dependent  variable. 

Independent  Variables 

Natural  Water.  This  variable  identifies  the  water  accumu¬ 
lations  which  are  caused  by  nature.  The  factors  involved  in 
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[  this  variable  are  oceans,  lakes/ponds,  rivers/streams, 

marshes/swamps,  and  other  natural  accumulations, 
t  Artificial  Water.  This  variable  identifies  the  water 

[  accumulations  which  are  present  because  of  man.  The  factors 

involved  are  reservoirs,  sewage  holding  ponds,  irrigation 
[  systems,  drainage  systems,  and  other  man-made  water  accumula- 

t  ions . 

Natural  Foods.  This  variable  identifies  the  food 
sources  provided  by  nature.  The  factors  involved  are  small 

| 

animals,  seed-bearing  plants,  fruit-bearing  plants,  insects, 

I  and  other  natural  foods. 

Vrtiticial  Foods.  This  variable  identifies  the  food 
sources  provided  by  man.  The  factors  involved  are  landfill/ 
garbage  dumps,  sewage  systems,  farm  fields,  orchards,  vine- 
vards,  and  other  man-provided  food  sources. 

She  1  ter  1 ng .  This  variable  identifies  the  natural  or 
man-caused  vegetation/ foliage  present  which  provides  sheltering 
and  nesting  habitats.  The  factors  involved  are  trees,  shrubs, 
grasses,  ground  cover,  and  others. 

Migratory  Route.  This  variable  identifies  a  base’s 
location  with  respect  to  a  bird  migration  route.  The  factors 
involved  are  categorited  as  "in  flyway"  or  "not  in  flywav." 

Tree i p  i  tat  ion  .  This  variable  identifies  a  base's 
annual  average  precipitation  in  inches. 

Temperature .  This  variable  identifies  a  base's  annual 
average  temperature  in  degrees  Fahrenheit. 

Scaring  Techniques.  This  variable  identifies  the  ' 
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methods  used  to  scare  birds  from  an  airfield.  The  factors 
involved  are  personnel  teams,  remote  devices,  and  other. 

Elimination  Techniques.  This  variable  identifies  the 
methods  used  to  eliminate  birds.  The  factors  involved  are 
hunting,  poisoning,  nest  disruption,  predators,  and  other 
elimination  techniques. 

Operational  Methods.  This  variable  identifies  the 
methods  used  by  a  base  to  avoid  the  BASH  potential.  The 
factors  involved  are  special  flying  procedures,  special  air¬ 
drome  traffic  patterns,  pilot  education  programs,  flying 
reduction  programs,  bird  watch  programs,  and  other. 

Dependent  Variable 

Strike  Rate.  This  variable  identifies  the  number  of 
bird  strikes  per  aircraft  activity  at  an  airfield.  The  bird 
strikes  counted  occurred  onlv  within  a  five-mile  radius  of 
an  airfield. 


Variable  Operational  Definitions 

The  value  given  to  a  particular  independent  variable 
will  come  from  an  evaluation  of  the  base  by  using  the  tables 
that  follow.  The  factors  relating  to  each  variable  are  rated 
according  to  the  given  scale.  The  sum  of  all  the  ratings  for 
the  factors  for  a  particular  variable  becomes  the  value  for 
that  variable.  If  a  factor  is  not  present  at  an  airfield, 
then  zero  is  entered  as  the  rating  for  that  factor  prior  to 
summing.  How  the  ratings  are  obtained  will  be  further  explained 
following  the  tables  in  the  Data  Collection  section. 
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Factors 


TABLE  1 


VARIABLE  -  NATURAL  WATER  -  NATWAT 


Ratings  are  according  to  proximity  to  airbase  in 
miles. 

Ratine 


OCEAN 


Within  10 


20  -  30 

Further  than  30 


LAKE/ POND 


Within  1 
1  -  5 
5  -  10 

Further  than  10 


RIVER/STREAM 
Within  2 
2  -  5 


5  -  10 

Further  than  10 


| MARSH/SWAMP 

Within  2 


Further  than  10 


OTHER 


Within  1 
1  -  3 


Further  than  5 


NATWAT  *  Total 

^In  all  tables  the  variable  name  will  be  followed  by  the 
abbreviation  to  be  used  as  its  computer  variable  name 


TABLE  2 


VARIABLE  -  ARTIFICIAL  WATER  -  ARTWAT 


Factors  -  Ratings  are  according  to  proximity  to  airbase 
runway  in  miles. 


|  RESERVOIR 

Within  1 
1  -  S 
5  -  10 

Further  than  10 
!  SEWAGE  HOLDING  PONDS 
Within  1 
1  -  S 
5  *  10 

Further  than  10 
IRRIGATION  SYSTEMS 
Within  1 
1  -  3 
3  *  5 

Further  than  5 
DRA I NAGE  SYSTEMS 
Within  1 
1  -  3 
3  -  5 

Further  than  5 

OTHER 

Within  1 
1  -  3 
3  -  5 

Further  than  5 


Rating 

3 

•y 

1 

o 


3 

*> 

1 

0 


3 

•y 

1 

0 


3 

2 

1 

0 


3 

2 

1 

0 

ARTWAT  -  Total 


20 


TABLE  3 


VARIABLE  -  NATURAL  FOODS  -  NATFOOD 


Factors  -  Ratings 
factors 

according  to  the  concentration  of  the 
within  five  miles  of  the  airbase  runway 

High 

Mecium  Low  None  Rating 

SMALL  ANIMALS 

3 

:  i  o 

SEED  BEARING  PLANTS 

3 

2  1  0 

FRUIT  BEARING  PLANTS 

3 

2  I  0 

INSECTS 

3 

2  1  0 

OTHER 

3 

2  1  0 

NATFOOD  *  Total 

TABLE  4 

VARIABLE  -  ARTIFICIAL  FOODS  -  ARTFOOD 


Factors  -  Ratings 
within 

according  to 
so  many  miles 

proximity 

of  the 

factors 

Within 

1  1- 

3  3  -  S 

Over 

5 

Rating 

LANDFILLS  GARBAGE  DUMPS  3  2 

1 

0 

SEWAGE  SYSTEMS 

3  2 

1 

0 

FARM  FIELDS 

3  2 

1 

0 

ORCHARDS 

3  2 

1 

0 

VINEYARDS 

3  2 

1 

0 

OTHER 

3  2 

1 

0 

1 

ARTFOOD  - 

Total 

1 


TABLE  5 


VARIABLE  -  SHELTERING  -  SHELTER 


— 

Factors 

Rat ings 
factors 

according  to  the  concentration  of  the 
within  five  miles  of  the  airbase  runway 

High 

Medium  Low  None  Rating 

T-REES 

3 

2  1 

0 

{shrubs 

3 

2  1 

0 

{grasses 

3 

2  1 

0 

■GROUND  COVER 

3 

2  1 

0 

OTHER 

3 

2  1 

0 

: 

SHELTER 

•  Total 

TABLE  6 

VARIABLF  -  MIGRATORY  ROUTE  -  MIGRTE 

Variable  takes  on  the  value  of  1  if  the  airfield  can  be  con- 
I  side  red  to  be  in  a  migrator v  route,  otherwise  this  variable 
is  0. 

MIGRTE  - 


i 


TABLE  7 


VARIABLE  -  PRECIPITATION  -  PRECIP 


Ratings  are  according  to 

the  average  annual  inches  of  preci- 

pitation  recorded  at  the 

airhase . 

Over  40  in. 

3 

20  -  40  in. 

j y 

10  -  20  in. 

l 

Under  10  in. 

0 

PRECIP  - 

TABLE  3 


VARIABLE  •  TEMPERATURE  -  TEMP 


Ratings 

are  according  to  the 

average  annual  temperature  in 

'  degrees 

Fahrenheit  recorded 

at  the  airbase 

Over  60  deg. 

3 

i 

40  -  60  deg. 

J 

it 

20  -  40  deg. 

1 

Under  20  deg. 

0 

TEMP  - 

3 


TABLE  9 


VARIABLE  -  SCARING  TECHNIQUES  -  SCARTEC 


Factors  -  Ratings  are  according  to 
the  scaring  team  in  the 
to  the  effectiveness  of 
second  factor. 

amount  of  equipment  for 
first  factor  and  according 
the  devices  used  for  the 

Rating 

PERSONNEL  TEAMS 

Highly  equipped 

3 

Moderately  equipped 

Little  or  no  equipment 

i 

No  team 

0 

REMOTE  DEVICES 

Highly  effective 

3 

Moderately  effective 

2 

Slightly  effective 

i 

Not  effective 

0 

OTHER 

Highlv  effective 

3 

Moderately  effective 

Slightly  effective 

1 

Not  effective 

0 

SCARTEC  -  Total 

24 


TABLE  10 


1 


VARIABLE  -  ELIMINATION  TECHNIQUES  -  ELIMTEC 


Factors  -  Ratings  according  to  degree  of  development  of 
elimination  program 

Rating 

|  HUNTING 

1 

Highly  developed 

3 

Moderately  developed 

2 

Slightly  developed 

1 

No  program 

0 

POISONING 

Highly  developed 

3 

Moderately  developed 

Slightly  developed 

1 

No  program 

0 

(nest  DISRUPTION 

Highly  developed 

3 

Moderatelv  developed 

Slightly  developed 

1 

No  program 

0 

(PREDATORS 

Highly  developed 

3 

Moderately  developed 

Slightly  developed 

l 

No  program 

0 

rTHER 

Highly  developed 

3 

Moderately  developed 

Slightly  developed 

1 

No  program 

0 

I 

ELIMTEC  -  Total 

S 


TABLE  11 


VARIABLE  -  OPERATIONAL  METHODS  -  OPERMED 


Factors  -  Ratings  according  to 
and  degree  of  program 

emphasis  placed  on  program 
deve lopment . 

! 

Rating 

SPECIAL  FLYING  PROCEDURES 

High 

3 

Moderate 

J 

Low 

I 

None 

0 

jSPECIAL  AIR- ROME  TRAFFIC  PATTERNS 

High 

3 

Moderate 

■J 

Low 

\ 

None 

0 

PILOT  EDUCATION  PROGRAMS 

High 

3 

Moderate 

“y 

Low 

1 

None 

0 

FLYING  REDUCTION 

High 

3 

Moderate 

Low 

1 

None 

0 

BIRD  WATCH  PROGRAMS 

High 

3 

Moderate 

Low 

1 

None 

0 

k)THER 

High 

3 

Moderate 

: 

Low 

i 

None 

0 

OPERMED  •  Total 

Data  Collection 


The  data  for  determining  the  value  of  each  of  the 
independent  variables  came  primarily  from  the  BASH  team 
studies  discussed  previously.  The  information  that  was  not 
found  in  the  BASH  studies  that  was  needed  for  analysis  of 
the  variables  was  obtained  by  calling  the  various  bases  and 
talking  to  individuals  who  were  familiar  with  the  bird/ 
aircraft  strike  problem  for  their  particular  base.  The 
individuals  who  were  most  knowledgeable  about  the  BASH  studies 
were  usually  the  base's  Flying  Safety  Officer,  the  Chief  of 
Operations,  or  the  Chief  of  Environmental  Planning.  This 
first  effort  of  data  collection  yielded  the  values  for  most 
of  the  variables.  The  information  obtained  in  these  ways  was 
assumed  to  give  the  value  for  each  of  the  variables  in  all  of 
the  years  prior  to  the  BASH  studies.  The  values  of  the  vari¬ 
ables  for  the  years  after  the  BASH  studies  were  obtained  by 
calling  the  above  individuals  on  the  bases  to  sec  if  the 
recommendations  proposed  by  the  BASH  team  were  put  into  effect. 
If  these  recommendations  had  been  carried  out  or  if  the  ba  e 
had  done  other  things  that  would  change  the  ratings  on  the 
factors,  then  this  was  noted,  and  the  variables  were  changed 
for  the  years  following  the  BASH  study  for  that  particular 
base.  The  variables  Migratory  Route,  Precipitation,  and 
Temperature  were  obtained  in  a  more  objective  manner.  As 
these  variables  are  assumed  unchangeable  by  man's  intervention 
and  fairly  constant  over  time,  the  values  for  these  variables 
were  available  from  more  conventional  sources  such  as 


meteorological  records.  These  variables  will  be  referred  to 
as  the  unchangeable  variables. 

The  various  bases'  bird/aircraft  strike  rate  (the  dep¬ 
endent  variable)  was  computed  for  each  vear  under  study  by 
combining  information  from  the  applicable  Norton  AFB  computer 
outputs  (1;  2)  and  information  on  the  activities  of  the  base's 
airdrome  obtained  from  Scott  \FB  (3).  The  strike  rate  is 
simply  the  number  of  strikes  divided  by  the  number  of  activi¬ 
ties  for  that  vear.  F.ach  base  will,  therefore,  have  five 
data  points,  one  for  each  of  the  five  years.  With  the  twelve 
bases  under  study,  that  will  provide  a  sample  of  sixty  com¬ 
binations  of  dependent  and  independent  variables. 

’.'a  1  l da t  ion 

The  method  of  data  collection  just  described  seems  to 
be  quite  a  subjective  wav  of  obtaining  the  values  for  these 
variables.  \  more  objective  method  is  a  good  topic  for 
additional  research,  but  is  bevond  the  scope  of  this  thesis. 

To  add  credibility  to  this  method  of  analysis,  internal  vali¬ 
dation  of  the  method  was  accomplished.  Each  of  the  values 
for  the  factors,  except  the  unchangeable  variables,  was 
decided  upon  by  the  two  researchers  independently  of  one 
another.  As  the  BASH  study  reports  were  read,  each  researcher 
marked  down  what  he  felt  was  the  value  that  should  be  associ¬ 
ated  with  that  factor  for  that  particular  base.  This  provided 
two  independently  obtained  sets  of  values  for  all  the 
changeable  variables.  Once  this  was  completed,  the  researchers 


discussed  the  discrepancies  and  came  up  with  a  value  for  each 
factor  that  was  agreeable  to  both.  This  third  set  of  values 
by  consensus  was  the  value  of  the  factor  finally  used  in  the 
analys  is . 

To  validate  this  method  of  obtaining  the  data,  the 
three  different  combinations  of  values  obtained  were  analv:ed 
with  the  sign  test  to  show  independence.  It  was  desired  to 
show  that  no  natter  which  researcher  did  the  analysis  or 
whether  they  did  it  together,  the  values  of  the  variables  would 
not  be  significantly  different.  This  internal  validation  should 
not  be  confused  with  external  validation  of  the  model  to  be 
discussed  later.  This  internal  validation  is  only  a  check  on 
the  method  of  coning  up  with  the  values  of  the  factors  making 
up  most  of  the  variables. 

The  sign  test  is  the  strongest  test  possible  for  showing 
the  independence  of  the  three  tines  that  the  values  of  the 
factors  were  determined.  The  sign  test  is  applicable  since 
the  data  can  he  compared  in  matched  pairs  of  related  samples. 
Each  researcher  was  using  the  sane  scale  for  each  of  the 
factors  and  was  referencing  the  same  BASH  studv.  There  is  no 
underlying  distribution  for  the  data  and  the  data  obtained  in 
this  manner  was  all  ordinal  data.  According  to  Siegal  (39:68), 
"The  onlv  requirement  is  that  within  each  pair  the  experimenter 
has  achieved  matching  with  respect  to  the  relevant  extraneous 
variables.”  This  requirement  is  fulfilled  in  that  each  of  the 
factors  that  combined  to  make  up  the  variables  was  determined 
using  the  same  scale  and  source.  In  other  words,  researcher  A 


29 


evaluated  a  particular  factor  from  the  same  BASH  report  that 
researcher  B  used. 


The  null 

hypotheses 

for  the 

sign 

tests  are  as 

fol lows 

1. 

P(XA  > 

V 

■  p(Xa  < 

V 

1 

■  T 

y 

P(XA  > 

xc) 

“  P(XA  < 

xc) 

1 

■  S 

3. 

P(XB  > 

xc) 

-  P(XB  < 

Xc) 

1 

where 

P 

represent  s 

"the  probability 

of" 

XXX 

A  ’  B’  C 

represent 

the  values  of 

t  he 

factors 

for  the 

two  researchers,  A  and  B,  and  the  combined 
value  C 

In  this  wav,  the  values  obtained  by  the  two  researchers  are 
compared  against  each  other,  and  thev  are  also  compared  indi¬ 
vidually  against  the  values  obtained  by  consensus  and  agreement. 
Each  hypothesis  had  to  fail  to  be  rejected  to  allow  the  con¬ 
clusion  that  the  method  of  obtaining  the  values  of  the  factors 
was  independent  of  the  researcher  and,  therefore,  valid  enough 
for  the  purposes  of  this  research  effort. 

The  test  was  a  two-tailed  test,  and  the  hypotheses 
would  be  rejected  if  the  test  statistic  were  outside  the  limit 
for  the  test  at  an  alpha  value  of  0.05.  Discussion  of  the 
results  can  be  found  in  Chapter  IV. 

Methodology  of  Analysis 

The  data,  once  collected,  were  placed  on  a  computer 
file.  The  data  lent  itself  to  analysis  by  multiple  linear 


regression  with  the  dependent  variable  of  Strike  Rate  and 
eleven  independent  variables.  The  general  model  for  regression 
would  be  of  the  form: 


Y^.  is  the  strike  rate  at  a  particular  base  i  for  a 
part lcular  year  j , 

B,,  is  an  autonomous  strike  rate  constant  not  related 
to  the  variables  in  the  model, 

through  B ^  are  the  coefficients  for  the  variables 
one  through  eleven. 


X, .  .  through  X,  , . 

1 1  j  *■  1 1 1  j 


are  the  values  of  the  variables  one 


through  eleven  of  each  base  i  in  a  particular  year  j. 


A  multiple  linear  regression  was  used  to  reveal  which  of 
the  variables,  if  any,  was  significant  in  predicting  the  base's 
strike  rate.  It  also  reveals  whether  the  entire  model  is  a 
significant  way  of  estimating  the  strike  rate.  The  level  of 
determining  significance  of  the  entire  model  as  well  3S  the 
individual  variables  was  set  at  an  3lpha  level  of  0.05.  If 
some  of  the  changeable  variables,  such  as  Elimination  Tech¬ 
niques,  turned  out  to  be  significant,  then  the  model  should 
be  usable  in  determining  how  the  changing  of  the  environment 
would  affect  the  possibility  of  a  bird/aircraft  strike.  For 
example,  if  Elimination  Techniques  is  a  significant  estimator 
of  the  strike  rate  and  if  its  coefficient  was  relatively 
large,  this  would  show  that  the  use  of  elimination  techniques 


31 


was  an  effective  way  of  controlling  the  bird/aircraft  strike 
rate  of  an  air  base.  Thus,  a  significant  model  would  be  a 
methodology  of  relating  a  base's  bird/aircraft  strike  hazard 
with  its  mission  and  environment. 

External  validity  was  to  be  shown  by  using  the  model  to 
predict  the  strike  rate  for  five  different  groups  of  variables 
selected  at  random  and  not  included  in  the  development  of  the 
multiple  linear  regression  model.  If  the  model  did  not  turn 
out  to  be  a  valid  predictor  of  a  base's  strike  rate,  then  it 
was  intended  not  to  be  necessarv  to  show  this  external  validity. 
In  either  case,  however,  some  of  these  randomly  selected  data 
points  were  to  be  developed  into  hypothetical  situations  that 
might  be  faced  bv  managers  in  the  \ir  Force.  The  purpose  of 
providing  these  situations  was  to  show  how  a  model  such  as 
this  could  be  used  in  managerial  decision-making. 
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CHAPTER  IV 


FINDINGS  AND  ANALYSIS 
Internal  Validation  of  Methodology 

The  methodology  used  to  determine  the  values  of  each 
of  the  factors  that  sum  to  the  value  of  each  of  the  variables 
in  the  bird/aircraft  strike  model  was  discussed  in  the  pre¬ 
vious  chapter.  In  this  methodology,  each  researcher  first 
determined  the  value  of  all  of  the  factors  independently  of 
each  other.  They  tiien  agreed  on  a  third  set  of  values  for 
the  factors.  This  third  set  would  be  the  set  used  in  the 
multiple  linear  regression  model.  For  example,  researcher  A 
evaluated  a  particular  base  using  the  BASH  study  for  that 
base.  He  assigned  a  value  to  each  factor  as  discussed  in 
Chapter  III.'  Researcher  B  did  the  same,  the  two  compromising 
on  a  final  data  set.  The  data  set  finally  used  in  the 
multiple  linear  regression  model  can  be  found  in  Appendix  A. 
This  file  is  the  accumulation  of  the  factors  making  up  the 
various  variables  3s  they  were  decided  upon  by  the  two  re¬ 
searchers  . 

The  results  of  the  sign  test  discussed  in  Chapter  III 
and  other  information  concerning  the  validity  of  the  meth¬ 
odology  just  described  are  summarized  on  Table  12.  From  this 
table,  one  can  see  that  there  was  essentially  no  difference 
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TABLE  12 


SIGN  TEST  RESULTS  IN  COMPARING  METHOD  OF 
OBTAINING  VALUES  FOR  FACTORS 


Comparison 

Hypothesis 

Number 

"  2  "  ft 

I ndependence 

Shown ? 

Percent 
of  Ties 

l 

(Researcher 

A 

to 

1 

1 . 08'6 

Yes 

77.78 

Researcher 

B 

Researcher 

A 

to 

11 . 3348 

No 

82.05 

Agreement 

Researcher 

B 

to 

3 

3. '143 

No 

89.53 

]  Agreement 

(Researcher 

A 

or  B 

to 

None 

N/A 

N/A 

96.15 

|  Agreement 

•  ft 

The  test 

statistic  "z" 

was  compared 

to  a  : - cr i t ical 

of  1.96 

between  the  data  values  obtained  by  researcher  A  and  researcher 
B.  However,  one  cannot  say  from  the  sign  test  alone  that  the 
set  of  values  obtained  by  agreement  was  the  same  as  that  ob¬ 
tained  separately  bv  each  researcher.  It  was  concluded  instead 
that  the  data  obtained  by  agreement  is  different  and  not  inde¬ 
pendent.  The  sign  test  analysis  is,  however,  a  little  misleading 
in  that  it  ignores  the  large  numbers  of  ties  that  occur.  Indeed, 
there  were  ties  in  about  80  percent  of  the  cases  when  comparing 
either  researcher  with  the  agreed-upon  values  or  when  comparing 
the  two  researchers  against  one  another. 

The  last  line  in  the  table  above  was  added  to  show  that 
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the  agreed-upon  set  of  values  for  the  factors  agreed  with 
either  one  researcher  or  the  other  over  96  percent  of  the 
time.  Much  of  the  remaining  disagreement  came  as  a  result  of 
telephoning  for  additional  data  from  several  bases.  This 
data  was  only  obtained  after  both  researchers  had  come  up 
with  values  for  all  the  factors  and,  therefore,  it  was  used 
in  figuring  the  agreed-upon  values  only.  Therefore,  one  can 
safely  conclude  that  the  methodology  used  to  determine  the 
values  for  the  variables  could  be  replicated  quite  accurately, 
especially  if  done  by  some  scheme  involving  more  than  one  per¬ 
son  as  was  the  case  in  this  research. 

Statistical  Evaluation  of  Data 

A  statistical  multiple  regression  was  performed  on  the 
data  in  Appendix  A  using  the  computer  program  in  Appendix  B. 

As  explained  in  Chapter  III,  five  data  sets  were  randomly 
chosen  to  be  excluded  from  the  regression  model.  The  five 
sets  that  were  excluded  can  be  seen  in  Appendix  A. 

The  program  for  the  regression  was  developed  using  the 
Statistical  Package  for  the  Social  Sciences  (SPSS) (33)  and 
employs  a  regression  subprogram.  In  an  attempt  to  determine 
the  independent  variables  that  were  most  significant  in  affect¬ 
ing  the  dependent  variable,  STRAT,  the  program  was  designed  to 
enter  the  independent  variables  into  the  overall  equation  in  a 
stepwise  inclusion.  When  using  stepwise  inclusion,  the  inde¬ 
pendent  variable  determined  by  the  computer  to  explain  the 
greatest  amount  of  variance  in  the  dependent  variable  was 
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entered  into  the  regression  equation  first.  Then  the  variable 
that  explained  the  greatest  amount  of  variance  in  conjunction 
with  the  first  was  entered  second  and  so  on  until  all  eleven 
independent  variables  were  entered  into  the  equation.  The 
order  that  the  independent  variables  were  entered  into  the 
equation  can  be  seen  in  Table  13  along  with  other  statistics 
that  will  be  discussed  in  this  section. 

From  column  2  in  Table  13,  the  regression  model  developed 
by  the  computer  is: 

STRAT  -  (-742.0  *  251.4  TEMP  *  58.3  NATWAT  -  20.3  OPERMED 

*  310.4  MIGRTE  -  3’.1  SHELTER  -  108.1  PRECIP 

*  27.4  ARTWAT  *  b'.b  SCARTEC  -  32.9  EL1MTEC 

*  10.0  NATFOOD)  X  10 *  * 

Visually  analyting  this  model  revealed  some  expected  and  un¬ 
expected  relationships.  The  independent  variables  with 
positive  coefficients  show  a  direct  relationship  with  the 
dependent  variable,  STRAT.  Therefore,  as  the  value  of  any  of 
these  independent  variables  increases,  it  increases  the  value 
of  STRAT.  One  direct  relationship  which  was  unexpected  in 
the  model  was  that  of  SCARTEC.  The  model  shows  that  by  in¬ 
creasing  scaring  techniques,  the  bird/aircraft  strike  rate 
will  increase.  Of  course,  for  this  to  be  logical  with  what 
actually  occurs  in  nature,  it  should  be  an  inverse  relation¬ 
ship.  Increasing  the  value  of  these  independent  variables 


•See  Appendix  C  for  explanation  of  10 
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TABLE  13 


COMPUTER  OUTPUT  STATISTICS 


1 

Independent 

Variable 

2 

B 

Coefficient 

3 

Equat ion 

F- Value  After 
Variable  Entry 

4 

F-Critical 
Value  At 
.05  Alpha 

,  5 

R “  After 
Variable 
Entry 

TEMP 

251.4 

4.16 

4.03 

.073 

NAT WAT 

58.3 

4.10 

3.18 

.  136 

OPERMED 

ro 

O 

M 

i 

3.28 

2.80 

.162 

MIGRTE 

310.4 

3.01 

2.  S’ 

.194 

SHELTER 

-37.1 

3.06 

2.41 

.  248 

PRECIP 

-108.1 

2.98 

2.31 

.  271 

ART WAT 

27.4 

2.71 

2.23 

.  288 

SCARTEC 

67.6 

2.46 

2.16 

.300 

ELIMTEC 

-32.9 

2.19 

2.11 

.305 

NATFOOD 

10.0 

1.96 

2.06 

.  308 

( Constant) 

v _ 

-742.0 

-i 

would  cause 

a  decrease 

in  the  value  of 

STRAT.  The 

model  shows 

that  when  sheltering  and  precipitation  are  increased,  the  bird/ 
aircraft  strike  rate  decreases,  which  does  not  coincide  to  these 
actual  occurrences  in  nature.  Also,  the  variable  ARTFOOD  was 
not  entered  by  the  computer  into  the  equation  because  its 
F-level  was  too  low  for  further  computations  (33:345).  This 
visual  inspection  and  the  aforementioned  unexpected  relation¬ 
ships  caused  questions  as  to  the  validity  of  the  overall  model. 

The  model  was  statistically  tested  for  validity  as  a 


good  estimator  of  STRAT  at  a  .05  alpha  level  and  was  found  to 


be  statistically  insignificant  or  a  poor  estimator.  Column  3 
of  Table  13  is  the  F  statistic  calculated  by  the  computer  after 
each  of  the  independent  variables  were  entered  into  the  equa¬ 
tion.  Column  4  is  the  F-critical  value  from  statistical 
tables  (.40:716)  for  a  .05  alpha  level.  Comparing  Column  3 
with  Column  4,  it  can  be  seen  that  all  the  F  values  except  for 
the  last  one  in  Column  3  were  greater  than  the  F-critical 
values  in  Column  4.  This  comparison  shows  that  with  95  per¬ 
cent  confidence  that  the  model  was  statistically  significant 
until  the  last  variable,  NATFOOD,  was  entered  into  the  equation. 
Even  with  NATFOOD  in  the  equation,  it  is  nearlv  statistically 
significant.  In  fact,  if  a  lower  confidence  level,  such  as 
90  percent  (.10  alpha  level),  had  been  chosen,  the  model  would 
have  been  statistically  significant.  However,  Column  5  shows 
further  evidence  of  problems  with  the  model.  The  R“  values 
show  the  percentage  of  the  variation  of  the  dependent  vari¬ 
able  which  is  explained  bv  the  independent  variable  in  con¬ 
junction  with  the  independent  variables  already  in  the 
equation.  With  all  the  variables  except  ARTFOOD  in  the  model, 
only  30.8  percent  of  the  variation  was  explained,  indicating 
the  model  is  a  poor  predictor  of  the  dependent  variable  (521. 
Since  it  was  felt  that  regression  analysis  was  a  valid 
approach  in  this  research,  analysis  of  the  data  and  the 
method  used  to  quantify  the  data  gave  insight  into  the  prob¬ 
lems  of  the  model.  This  analysis  will  be  the  subject  of  the 
remainder  of  this  section. 

As  mentioned  earlier,  the  dependent  variable,  STRAT , 
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was  determined  using  data  from  AFISC  at  Norton  Air  Force  Base. 
Since  before  19~S  only  the  bird/a ireraft  strikes  causing 
damage  greater  than  $300  were  included,  it  was  felt  that  the 
value  of  STRAT  for  each  data  set  was  unrealistically  low.  In 
fact ,  some  of  the  bases  which  had  no  b i rd/ a i rcra f t  strikes 
indicated  for  a  particular  year  on  the  AFISC  computer  file 
were  found,  through  the  telephone  interviews,  to  have  had  a 
number  of  bird/aircraft  strikes,  sometimes  over  100,  for  that 
particular  year.  In  most  cases,  this  was  because  no  damage 
had  been  caused.  Although  the  base  personnel  did  have  the 
total  number  of  bird/aircraft  strikes  for  a  particular  year 
at  their  base,  they  could  not  readily  give  the  number  that 
occurred  in  the  airbase  traffic  pattern.  For  this  reason, 
the  AFISC  data  files  had  to  be  relied  on  completely  for  this 
research.  Now  that  AFISC  is  collecting  all  the  Air  Force 
bird/aircraft  strikes  that  occur,  this  should  not  be  a  prob¬ 
lem  for  future  research  studies  in  this  area. 

The  data  obtained  for  the  independent  variables  tended 
to  be  general  rather  than  specific,  causing  difficulty  in 
quantifying  some  of  the  factors.  The  BASH  studies,  although 
more  than  adequate  for  the  purpose  they  were  intended,  tended 
to  be  general  in  their  analysis.  The  assumption  was  made, 
unless  stated  in  the  study  itself,  that  prior  to  a  BASH  study 
the  base  had  not  been  doing  anything  to  reduce  b i rd/ ai rcra f t 
strike  problems.  The  telephone  interviews  revealed  that  this 
was  not  the  case  at  some  of  the  bases  and  that  many  things  had 
been  done  prior  to  the  BASH  team  study,  even  though  no  mention 
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of  it  was  made  in  the  published  BASH  study.  In  these  in¬ 
stances,  as  much  data  as  possible  was  collected  from  the 
telephone  interview.  Except  for  the  telephone  interviews, 
the  BASH  team  studies  were  found  to  be  the  best  source  of 
data  for  each  of  the  bases  studied.  Visiting  each  base  to 
obtain  more  specific  data  was  limited  by  the  funds  available 
for  travel  and  the  time  allowed  for  this  research. 

There  also  were  problems  with  the  method  used  to 
quantify  the  data  into  the  variables.  The  ratings  used  did 
not  allow  for  any  factor  to  obtain  a  value  larger  than  three. 
This  caused  a  factor  that  had  been  subjectively  determined 
to  be  significant  in  influencing  the  b 1  rd/a  1 rc raf t  strike 
problem  to  be  equal  to  another  factor  that  was  not  as  signi¬ 
ficant  a  contributor.  \nother  possible  problem  was  lumping 
all  the  factors  into  variables.  It  was  felt  that  a  possible 
regression  with  all  the  factors  may  reveal  a  better  model. 

This  was  not  accomplished  in  this  research  because  of  the 
quantifying  problen  mentioned  above.  It  was  found,  through 
the  telephone  interviews,  that  most  of  the  bases  had  their 
worst  bird /aircraft  strike  problems  during  certain  seasons 
of  the  year.  Possibly  if  each  year  had  been  divided  into  the 
four  seasons  and  data  could  have  been  collected  for  each,  a 
better  association  of  the  influencing  factors  to  the  bird/ 
aircraft  strike  rate  could  be  found.  Dividing  the  data  into 
seasons  was  limited  in  this  research  because  of  the  lack  of  a 
data  resource  to  allow  it  to  be  done. 

Solutions  for  all  the  above  problems  were  not  attempted 
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in  this  research  because  of  the  lack  of  an  adequate  data  base 
to  accomplish  them  or  the  limited  time  remaining  for  research 
after  they  were  discov  red.  Finding  the  solutions  to  these 
problems  should  develop  a  statistically  significant  model 
that  will  explain  a  large  portion  of  the  variation  in  the 
dependent  variable.  Recommendations  for  follow-on  research 
studies  in  this  area  will  be  discussed  further  in  Chapter  V. 

Fx  t  e  rna  1  \  .1 1  idat  i  on 

As  mentioned  in  Chapter  III,  if  the  model  turned  out  to 
be  a  valid  predictor  of  a  base's  strike  rate,  then  it  was  not 
necessarv  to  show  external  validity  for  the  model.  One  example 
of  why  the  model  need  not  be  externally  validated  is  shown  by 
one  of  the  five  randomly  selected  sets  of  variables.  The 
variables  for  Columbus  AFB  for  the  year  19~6  made  up  one  of 
these  data  sets.  When  the  values  for  the  variables  were  placed 
in  the  model  obtained  from  the  multiple  linear  regression,  the 
strike  rate  that  was  predicted  was  356  X  10  strikes  per 
activity.  The  actual  count  for  that  base  for  that  year  was 
S'  X  10  strikes  per  activity.  This  example  showed  the  model 
to  be  a  poor  predictor  of  tfe  strike  rate  for  a  particular 
year.  It  was,  however,  a  better  predictor  of  the  base's  mean 
strike  rate  for  the  five  years  under  study.  Columbus  had  a 
five-year  mean  strike  rate  of  334  X  10*  strikes  per  activity. 
Table  14  shows  a  summary  of  the  predicted  strike  rates,  the 
actual  strike  rates,  and  the  five-year  mean  strike  rates  for 
each  of  the  five  cases  randomly  extracted  for  the  purpose  of 
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STRIKE  RATE  SUMMARY  ON  THE  FIVE 
EXTRACTED  DATA  SETS 


Base 

Year 

Strike  Rates 

X 

•— * 

o 

• 

-4 

Str  ikes/Act ivity) 

From  Model 

Actual 

Five-Year  Mean 

Columbus 

1976 

3  56 

87 

334 

Kelly 

197' 

103 

191 

186 

Malmstrom 

19 '7 

b  3 

311 

114 

Minot 

1976 

4  *• 

184 

84 

T  rav  i  s 

19 '6 

245 

207 

183 

external  validation. 

In  four  of  the  five  cases  listed  in  Table  14,  the  nodel 
predicted  a  strike  rate  closer  to  the  five-year  mean  than  to 
the  actual  strike  rate  for  a  year  for  which  it  was  supposed  to 
be  predicting.  One  note,  however,  should  be  made  here.  The 
probability  of  a  bird/aircraft  strike,  which  here  has  been 
labeled  strike  rate,  is  of  such  a  snail  magnitude  that  a  single 
strike  can  raise  the  actual  strike  rate  a  significant  amount 
on  this  scale.  For  example,  the  five-year  mean  strike  rate  of 
114  \  10  strikes  per  activity  for  Malmstrom  only  represents 
two  bird/aircraft  strikes  for  that  entire  five-year  period 
(see  Appendix  C) .  This  very  small  magnitude  of  occurrence  of 
the  event  is  probab 1 y  one  of  the  main  reasons  for  the  inability 
of  the  model  to  predict  the  strike  rate  for  a  particular  year. 
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When  more  information  is  added,  as  in  the  five-year  mean,  the 
model  becomes  a  better  predictor  of  the  strike  rate  since  the 
sensitivity  of  the  strike  rate  to  one  or  two  bird/aircraft 
strikes  is  reduced.  For  this  reason,  this  type  of  model  might 
be  more  appropriate  when  used  to  discuss  longer-term  average 
strike  rates  than  just  one  year,  as  is  the  case  in  the  linear 
regression  model  presented  herein. 

The  Model  as  a  Managerial  Tool 

In  accordance  with  the  third  research  question  as  listed 
in  Chapter  II,  and  as  part  of  the  explanation  of  how  the  model 
developed  in  this  research  could  be  used  in  a  managerial  deci¬ 
sion  that  affects  the  probability  of  a  bird  aircraft  strike, 
two  hypothetical  examples  will  be  shown  which  will  show  how 
the  model  could  be  used.  Many  situations  on  an  A 1 r  Force  base 
have  considerations  which  will  impact  the  BASH  of  the  airdrome 
associated  with  that  base.  For  example,  managers  make  the 
decision  whether  to  spend  extra  money  on  grounds  maintenance, 
clean  drainage  ditches,  drain  and  fill  a  pond,  cut  down  trees, 
or  remove  food  sources  available  to  the  birds.  Managers  also 
may  decide  whether  they  can  change  flying  operations  in  order 
to  avoid  flying  at  times  when  bird  activity  is  at  its  greatest. 
Some  of  these  decisions  cost  money  to  implement  while  others 
do  not.  Even  though  the  model  that  was  developed  in  this  re¬ 
search  was  not  a  very  good  predictor  of  the  strike  rate  for  a 
base,  the  researchers  felt  that  this  was  a  definite  step  in 
the  right  direction  to  the  development  of  the  intended 


managerial  tool. 

A  good  example  of  how  the  model  can  he  used  in  managerial 
decision-making  is  the  flight  scheduling  at  Columbus  \ir  Force 
Base.  It  was  recommended  by  the  BASH  team  that  aircraft  should 
be  scheduled  "to  avoid  daily  flights  of  the  birds  ...  if 
major  flocks  routinely  fly  through  the  traffic  pattern  at 
Columbus  AFB  [21:14]."  In  discussing  this  recommendation  with 
safety  personnel  on  the  base  (35),  it  was  related  that  the 
base  had  implemented  this  recommendation.  It  would  have  been 
possible,  had  the  model  been  significant,  to  predict  the  impact 
that  such  an  action  would  have  hau  on  the  strike  rate.  When 
r.uch  an  operational  procedure  change  was  implemented,  the 
factor  relating  to  changes  in  flight  scheduling  would  be  in¬ 
creased  by  a  certain  amount  and,  therefore,  the  variable 
OPER.MED  would  also  be  increased  by  that  amount.  According  to 
the  developed  model,  such  an  increase  in  emphasis  in  this  area 
would  decrease  the  strike  rate  20.3  X  10'  strikes  per  activity 
for  every  unit  of  increase  in  emphasis  as  determined  by  Table  11. 
If  the  model  were  more  reliable,  it  would  have  been  possible  to 
predict  that  the  action  would  decrease  the  raw  numbers  of 
strikes  by  about  half  a  b i rd/ a i rc r af t  strike.  On  this  base 
which  had  a  five-year  average  of  '.4  strikes,  this  reduction 
of  0.5  strikes  per  year  would  probably  be  well  worth  the  effort 
necessarv  to  make  this  operational  change.  The  cost  of  such  a 
change  would  probably  be  quite  minimal  and  easy  to  bring  about. 
Thus,  in  this  situation  the  model  could  have  been  used  to  show 
that  such  an  operational  change  would  have  the  particular 
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impact  on  the  strike  rate  that  was  desired. 

The  second  example  came  from  Malmstron  AFB.  The  BASH 
team  recommended  that  several  low  areas  on  the  base  be  filled 
in  so  as  not  to  collect  water,  providing  a  bird  attractant  to 
waterfowl  that  frequent  this  particular  area  (14:9).  Such  a 
recommendation  would  cost  a  certain  amount  of  money.  Bv 
using  the  model  again  in  a  way  similar  to  that  just  discussed 
about  Columbus  AFB,  it  could  have  been  estimated  that  for 
every  reduction  in  the  factor  relating  to  natural  water  on  the 
base,  an  increase  of  58.3  X  10  strikes  per  activity  for  that 
base  for  that  vear  would  result.  This  reduction  would  only 
reduce  the  raw  numbers  of  bird  aircraft  strikes  by  0.1b  strikes 
according  to  the  model  and  to  the  number  of  aircraft  activities 
at  Malmstrom  in  1 9 ~ S .  This  0.1b  strikes  would  not  make  a  lot 
of  difference  in  the  already  low  rate  of  two  b i rd/a i rc ra f t 
strikes  in  the  last  five  vears.  Because  of  the  effort  required 
to  implement  this  recommendation  and  because  of  the  low  rela 
tive  return  involved  in  additional  safety  savings,  such  a 
modification  might  be  unnccessarv.  In  addition  to  this  infor¬ 
mation  that  the  manager  would  now  have,  he  can  also  perhaps 
get  information  on  the  particular  aircraft  that  use  that  base. 
If  these  aircraft  arc  not  particularly  sensitive  to  bird/ 
aircraft  strikes,  then  this  might  be  additional  support  to 
influence  the  manager  not  to  proceed  with  the  recommendation 
to  fill  in  those  low-standing  water  areas. 

Two  examples  have  been  shown  where  the  model  could  be 
used  in  the  managerial  decision-making  process.  One  example 
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showed  that  the  recommendations  of  the  BASH  team  should  have 
been  implemented  while  the  other  example  showed  that  perhaps 
it  shouldn't.  This  was  assuming  that  the  model  developed  was 
a  more  accurate  predictor  than  the  one  developed  in  this  thesis. 
In  summary,  such  a  model  could  add  additional  information  for 
the  manager  in  the  Air  Force  that  could  be  used  to  evaluate 
different  methods  of  bird/aircraft  hazard  reduction. 


CHAPTER  V 


CONCLUSIONS  AND  RECOMMENDATIONS 

Cone  I  us  tens 

Though  a  specific  model  was  nor  developed  from  this 
effort,  some  general  conclusions  can  be  drawn. 

Research  Question  1 

As  discussed  earlier,  numerous  B\SH  team  studies  have 
revealed  the  environmental  factors  that  influence  the  potential 
for  a  bird/aircraft  strike.  These  factors  were  catalogued  into 
variables  in  Chapter  II  and  shown  in  detail  in  Tables  1  through 
11.  The  telephone  interviews  further  verified  these  factors 
and  did  not  reveal  anv  additional  factors  which  were  not  in¬ 
cluded  in  these  tables.  Therefore,  it  is  concluded  that  this 
research  has  identified  the  environmental  factors  which  influ¬ 
ence  the  potential  for  a  b l rd/ a  i  rc ra f t  strike. 

Research  Question  2 

Since  the  stepwise  inclusion  format  of  the  computer  listed 
the  independent  variables  in  order  of  significance,  3  statisti¬ 
cally  significant  model  would  have  shown  the  most  significant 
factors  that  affected  bird/ai rcraf t  strike  rate.  From  this  list, 
the  affect  of  changing  certain  environmental  factors  or  opera¬ 
tional  procedures  on  the  probability  of  a  bird/aircraft  strike 
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could  have  been  determined.  Because  of  the  problems  with  the 
model  in  this  research,  the  ordering  shown  in  Table  13  was 
considered  questionable  and  the  probabilities  could  not  be 
determined . 

The  telephone  interviews  revealed  that  changing  certain 
environmental  factors  and  operational  procedures  have  caused 
an  effect  on  the  possibility  of  a  b i rd/a  1  rc ra f t  strike.  The 
most  effective  environmental  change  reported  in  the  majority 
of  the  interviews  was  maintaining  the  grass  height  at  levels 
recommended  by  the  BASH  team  studv  (8;  1";  18;  29;  30;  35;  3b; 
4").  Elimination  techniques  were  rarely  used  and  scaring 
techniques,  when  used,  were  found  to  be  ineffective  (8;  1";  29; 
35;  4").  Also,  not  one  of  the  bases  interviewed  owned  or  used 
remote  scaring  devices.  "Bird  >>atch"  programs  have  been  found 
to  be  the  most  effective  operational  procedure  at  all  the  bases. 
Each  base  interviewed  had  one  or  two  environmental  and  or  opera 
tional  changes  which  have  been  instrumental  in  reducing  the 
possibility  of  bird/aircraft  strikes.  Because  of  this,  it  was 
concluded  that  the  development  of  a  statistically  significant 
model  is  certainly  conceivable. 

Research  Question  3 

The  general  methodology  used  in  this  research  effort 
seemed  to  be  the  correct  approach  for  ultimately  providing  a 
managerial  decision-making  tool.  Vs  discussed  in  Chapter  IV, 
the  method  of  data  quantification  was  not  adequate,  and  if 
more  research  is  done  to  drvelop  the  managerial  tool  desired, 
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a  different  scheme  of  data  quantification  of  the  independent 
variables  would  be  required.  The  order  that  these  variables 
were  entered  into  the  stepwise  progression,  as  well  as  the 
magnitude  and  algebraic  sign  of  the  coefficients  of  the  vari¬ 
ables  in  the  model,  provide  a  clue  to  the  researcher  on  a 
possible  way  to  better  quantify  the  values  of  the  variables. 

The  model  developed  in  this  research  gives  other  researchers 
information  on  how  not  to  proceed  as  well  as  how  to  proceed 
with  further  research  in  developing  a  managerial  tool  for  assess¬ 
ing  different  b i rd/a  1 rcraf t  strike  hazard  reduction  methods. 

Re commend a  t ions 

During  this  research,  some  areas  were  identified  which 
are  presented  for  further  studv  and  consideration.  In  doing 
so,  we  attempt  to  share  our  findings  so  that  others  may  use 
the  conclusions  and  recommendations  as  a  starting  point  for 
other  research. 

1.  Commanders  and  supervisors  should  be  made  aware  of 
the  consequences  of  disregarding  those  recommendations  made  by 
experts  who  have  determined  certain  methods  whereby  bird/ 
aircraft  strike  hazards  can  be  reduced.  This  is  especially 
true  for  simple  environmental  manipulations  and  operating  pro¬ 
cedure  changes  that  can  be  of  great  benefit  for  very  little 
expense . 

2.  Ensure  that  the  present  format  and  requirement  for 
reporting  all  b 1 rd/ a  1 rc raf t  strikes,  no  matter  what  the  cost  of 
the  damage,  is  maintained  to  provide  the  necessarv  data  for 


future  research  in  this  area. 

3.  Air  Force  bases  should  be  required  to  maintain  stan¬ 
dardized,  Air  Force-wide  data  on  factors  that  relate  to  the 
bird/aircraft  strike  potential  such  as  those  used  in  this 
research.  Such  data  is  needed  to  report  changes  in  those 
factors  that  relate  to  the  hazard  so  that  future  researchers 
will  be  able  to  identify  operational  and  environmental  conditions 
of  particular  air  bases. 

4.  Develop  a  svstem  for  quantifying  the  factors  affecting 
bird/aircraft  strike  hazard  potential.  This  system  should  pro¬ 
vide  at  least  nominal  data  and,  preferablv,  ordinal  data  on  the 
relative  weights  of  such  factors.  The  method  used  in  this  re¬ 
search  w 3 s  such  an  attempt  and  could  we  revised  with  additional 
research  effort. 

3.  Once  sufficient  data  has  been  iccumulated  from 
recommendations  2,  3,  and  4  above,  the  data  should  be  analyzed 
using  frequency  and  cross  -  tabular  ion  techniques  to  determine 
interrelat lonships  among  variables  and  factors. 

6.  In  addition  to  the  cross - t3bulat ion  analysis,  a 
multiple  linear  regression  model  should  be  accomplished  similar 
to  the  one  in  this  research  with  the  data  developed  from  these 
recommendat ions . 

Various  methods  of  organizing  the  dependent  variables, 
strike  rate,  should  he  tried  with  the  regression  in  recommenda¬ 
tion  6.  V  more  meaningful  model  might  be  developed  if  the 
strike  rate  were  averaged  over  a  shorter  time  period,  such  as 
months  or  seasons  of  the  vear. 
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The  dependent  variable,  STRAT,  is  explained  in  Appendix  C. 

Indicates  data  points  randomly  removed  prior  to  the  multiple 
regression  being  accomplished 
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0 

0 

1  76 

257 

8 

0 

7 

S 

5 

1 

1 

1 

0 

0 

0 

(14:  56; 

1  --ft 

311 

8 

0 

•f 

5 

5 

1 

1 

1 

0 

0 

0 

• 

i  7  3 

I 

o 

8 

0 

7 

3 

4 

1 

1 

1 

0 

1 

' 

Minot 

AFB 

(BASH 

Study  - 

September 

19^7) 

!  74 

0 

8 

6 

5 

8 

10 

1 

1 

1 

0 

75 

129 

8 

6 

5 

8 

10 

1 

1 

1 

0 

0 

76* 

184 

8 

6 

5 

8 

10 

1 

1 

1 

0 

0 

(15;  27; 

l  ^  ^ 

0 

8 

6 

S 

8 

10 

1 

1 

1 

0 

0 

0 

43) 

78 

108 

8 

6 

5 

8 

1 

1 

1 

1 

1 

4 

ft 

Indicates  data  points  randomly  removed  prior  to  the  multiple 
regression  being  accomplished. 
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APPENDIX  R 

SPSS  COMPUTER  PROGRAM 
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100*  »S  ,J  :  ,8 ,16; ;  ,  16 

110$  :  I  DENT  :  WP 1 186  , SMITH,  JORGENSEN .AFIT/79B 
120$ : SELECT: SPSS/SPSS 

130RUN  NAME;  THESIS  STUDY  -  MULTIPLE  LINEAR  REGRESSION 
INVARIABLE  LIST;  STRAT  ,  NATWAT ,  ARTWAT  ,  NAT  FOOD/ 

1 50 ;ARTFOOD. SHELTER, MI GRTE.PREC IP, TEMP, SCARTEC/ 

160 ;ELIMTEC .OPERMED 
170 INPUT  FORMAT ; FREEFIELD 
1801 N PUT  MEDIUM. CARD 
1 90N  OF  CASES; 55 

200VAR  LABELS ;STRAT,  ANNUAL  STRIKE  RATE  A 
-  10 ; NATWAT ,  NATURAL  WATER  BODIES/ 

::0; ARTWAT.  ARTIFICIAL  WATER  BODIES/ 

230 ;NAT1  D,  NATURAL 

240; ARTFOOD,  ARTIFICIAL  FOODS/ 

250; SHELTER,  SHELTERI NG - NATURAL  AND  ARTIFICIAL 
260 ;MIGRTE ,  MIGRATORY  ROUTE/ 

2 - 0 ; PREC I P ,  ANNUAL  PRECIPITATION 
280 ;TEMP ,  ANNUAL  AVERAGE  TEMPERATURE 
ARIN 

300 ; EL IMTEC ,  ELIMINATION  TECHNIQUES/ 

310; '•PERMED,  ''PE RATIONAL  METHODS 

320REGRLSSION;VARIABLES-STRAT, NATKAT 

330;  ,NA  D.AR1  ,SHEL1 

340 ; MI GRTE .PRECIP, TEMP, SCARTEC, EL IMTEC, OPERMED/ 

'  .  ION-SI  ITH  NATWAT,  AR1 

360  ;NATFOOD .ARTFOOD. SHELTER, MI GRTE , PRECIP 

370 ;TEMP,  ARTEC, EL IM1  .  M  I 

380STATI STICS ; 1 , 2 , 4 , S , 6 

390READ  INPUT  DATA 

400$ : SELECTA : B I RDATA , R 

II  AM : STRAT (-1,600)  WITH  NATWAT (-1,12 

rWAT  ) , 1 0  ,NATFOOD(0,10) , ARTFOOD (0, 10) 

130  ;  ,13), .  1 , 2 )  ,  PREC  I P  ( - 1 , 4 

140 ;TEM1  1,4),  L,3),ELIMTI  1  . 3  .  I  1  RMI  I  .15) 

4 SOPFARSON  CORR  ; STRAT  ,  NATWAT,  ARTWAT  , NATFOOD ,  ARTFOOD 

460 ; SHELTER, MIGRTE, PREC IP, TEMP, SCARTEC, ELITTEC, OPERMED 

470OPTIONS ; 3 

480STATISTICS ; 2 

490FINISH 

500$ : ENDJOB 
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APPENDIX  C 

SUMMARY  OF  DATA  FOR  COMPUTING 
STRIKE  RATE 
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;  Air  Force 

Base 

,  .  _ 

Year 

Bird/ 

Aircraft 

Strikes 

Total 

A i rdrome 
Activities 

Strike 

Rate 

( st  rikes/act ivitv) 
i  X  10-' )* 

1974 

4 

117,102 

342 

197  S 

1 

120,616 

83 

Cannon 

1976 

1 

134,04" 

75 

1977 

0 

0 

1978 

0 

mu 

« 

19"4 

7 

239,209 

293 

197  5 

12 

208,241 

576 

i  Columbus 

1976 

*) 

229,039 

87 

19  7  7 

10 

208 ,b32 

479 

1978 

6 

253,141 

237 

1974 

3 

150,627 

199 

1975 

1 

139,042 

j  Dover 

1976 

3 

194 ,335 

154 

1977 

142,131 

141 

1 

1 9  -  S 

I 

130,30" 

r 

1 9 '4 

*> 

114,329 

175 

19"5 

I 

103,109 

97 

Edwards 

1976 

0 

133,195 

0 

1977 

1 

66 

1 9  -  8 

1 

1'8 ,140 

56 

19"4 

10 

1*5,114 

571 

197  5 

*> 

16" ,'83 

119 

;  K  e  1 1  v 

1976 

1 

208,426 

48 

1977 

3 

15". 149 

191 

19"  8 

0 

144,28ft 

0 

1974 

8 

224,882 

356 

1975 

5 

21", 249 

230 

Laughlm 

1976 

4 

241 ,"35 

165 

1977 

265,372 

264 

197  8 

3 

273,760 

110 

Note:  Strike 

Rate  listed  here 

■ 

and  as  put  into  the  computer 

would 

need  to 

be  multiplied  by  10" 

to  get  the  actual 

strike 

rate . 

This  was 

done  to  avoid 

working  with  such 

snail  numbers. 


Force 

se 


Year 


Bi 

Aircraft 

Strikes 


Xirdrome  ( s t r 1 kes/ act i v 1 ty ) 
Activities  (  X  10'^)* 


Ma lms  t  ron 


38,621 

30,964 

38,892 

7 

4m 

32,199 

3 

Minot 


108,45ft 

90,365 


Mvrtle  Beach 


Randolph 


T  rav  is 


1  ft  3 ,69" 

367 

109,140 

0 

84 ,816 

236 

94  ,'95 

0 

1ft"  ,13' 

120 

148,135 

135 

1",  160 

56 

135,849 

0 

142,428 

70 

325,613 

338 

269, 49S 

260 

332,252 

90 

245,486 

244 

242,184 

165 

138,731 

288 

219,280 

228 

33~  ,  S' 2 

207 

248  ,'20 

40 

259,859 

154 

Strike  Rate  listed  here  and  as  put-into  the  computer 
would  need  to  be  multiplied  by  10'  to  get  the  actual 
strike  rate.  This  was  done  to  avoid  working  with  such 
snail  numbers. 
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